Introduction
Most of medications used for treatment of different diseases may have various side effects; therefore, alternative approaches with more effectiveness, efficacy and safety are needed. There are only 35% of natural compounds available in current drugs. As plants, in general, are considered to have potential bioactive substances such as antioxidants and other secondary metabolites, there is a great interest in the use of medicinal plants as an alternative to synthesized medications. [1] [2] [3] According to several studies, medicinal plants and plant-originated products are suggested to be safer and less harmful for human body compared with modern synthetic drugs. 4 However, Plants and plant originated medicines like synthetic drugs have adverse effects. Medicinal plants have also been historically used for a long time in traditional treatment of diseases all over the world. As a result, different aspects of medicinal plants have been on the focus of intense scientific researches throughout of the world. Walnut (Juglans regia) belongs to Juglandaceae family is probably the most widespread tree nut used in the world. It comprises several species and is cultivated commercially worldwide. Apart from nutritional and dietary uses of walnut, various parts of this plant have been used not only in traditional medicine but also in the pharmaceutical and cosmetic industries. 5 Walnut leaves are rich in antioxidant compounds such as phenolic acids, flavonoids and naphthoquinones. 6, 7 These plant-originated antioxidants can protect human body against oxidative DNA damage and several diseases such as cardiovascular diseases and cancer. [5] [6] [7] Root bark of walnut also contains naphthoquinones like juglone and bisjuglone. It has been shown that bisjuglone may have antitumor property in mouse skin carcinogenesis. 5 Moreover, different parts of this plant such as seeds, green husk, walnut male flowers, leaf and root show a broad spectrum of pharmacological activities such as antimicrobial, anthelmintic, keratolytic, antidiarrheal and hypoglycemic effects. [8] [9] [10] [11] [12] The septum of fruit of Juglans regia has been traditionally used in Iranian traditional medicine to treat diabetic patients. 10 Recently, some studies have been conducted to investigate the hypoglycemic activity of Juglans regia septum. 10, 13 However, the toxicity studies of walnut septum have not received enough attention in the literatures. Therefore, the aim of this study was to investigate the toxic effects of different doses of Juglans regia septum of methanol extract (JRSME) in female Wistar rats. The effects of a single dose (1000 mg/kg bw) of the extract on the activity of some enzymes that are related with reactive oxygen species (ROS) and biochemical parameters were also investigated. The histopathological changes in liver, kidney, heart, brain and eye tissues following administration of the single dose of the extract were also evaluated.
Materials and Methods

Preparation of extract
The walnuts (Juglans regia) were bought from vendors in a market located in Urmia, Iran. Voucher specimens (3747) were deposited at the herbarium of the Department of Medicinal and Industrial Plant, Urmia University. It was authenticated by Dr. Sh. Kazempour Osaloo, Department of Plant Biology, Tarbiat Modares University, Tehran, Iran. The nuts were opened and the median septum of the kernels was removed. The septa were dried and powdered with a blender. Dried septa powder (2 Kg) were immersed in 7 L of methanol (95 %) and land left for 7 days at room temperature on three consecutive occasions. The JRSME was filtered and concentrated using a rotary vacuum evaporator at 40ºC and then lyophilized. The average yield of the lyophilized material as a percentage weight of the starting dried plant was approximately 9% w/w.
Animals and experimental design
Female Wistar rats weighing 200 ± 30 g (9-12 weeks old) were used in this study. The experimental protocol for the care and use of laboratory animals was approved by the Ethical Committee of Tabriz University of Medical Sciences. The rats were kept in individual cages under a 12 h light-dark cycle (light from 7 am to 7 pm) at the room temperature (22 ± 3°C). For a week prior to treatment, they were fed with standard laboratory diet and water was given ad libitum.
Toxicity study
For acute toxicity assay, the methanol extract was prepared in 0.9% NaCl (saline) giving a homogeneous suspension of the extract. All samples were always dissolved in a volume of 10 ml/kg and administered by intragastric route, independently of the final concentration to be used. The acute toxicity of the extract was estimated in accordance with Lorke's method. 14 The method estimates dose of a certain compound or extract that kills 50% of the animal population (LD 50 , 50% lethal dose) by a given administration route. The study was performed in two phases: in the first phase, 12 rats were randomly divided into four groups of 3 rats each. Groups 1, 2 and 3 animals were orally treated with a single dose of 10, 100 and 1000 mg/kg body weight (bw) of the extract, respectively, to possibly establish the range of doses producing any toxic effect. Group 4 was used as the control group and received vehicle alone. In the second phase, 9 rats were randomly divided into three equal groups and further specific doses (1600, 2900 and 5000 mg/kg bw) of the JRSME were administered to each animal to further determine the correct LD 50 value. During both phases, the animals were kept under close observation over a period of 14 days and monitored daily for signs of acute toxicity. Restlessness, respiratory distress, convulsions, diarrhea, motor activity, posture and reflexes were qualitatively determined. The weight of the animals was monitored throughout the experiments. One-fifth of the maximum safe dose of the extract tested for acute toxicity was selected for the subchronic toxicity study. [15] [16] [17] [18] Thus, for further (subchronic) study of the extract effects on biochemical and histopathological parameters and also antioxidant status of the animals, 12 Wistar rats were randomly divided into two experimental groups each of six animals: group I which served as the control group, and group II which received 20% of the maximum tolerated dose (MTD) of the JRSME (1000 mg/kg bw) by gavage once a day for four weeks. At the same time, the control rats received with the same route of administration an equivalent volume of normal saline.
Blood sampling
After 1-4 weeks of treatment with JRSME, blood samples were taken from retro-orbital plexus of eyes under light anesthesia after 12 h of fasting and placed into heparin-containing tubes to prevent coagulation. Sera samples were prepared by 10 min centrifugation of blood at 3000 g at 4°C and stored at -76°C in accordance with Ghaffari's method 19 for further study.
Tissues sampling
At the end of the experiment, rats were sacrificed between 09.00 and 10.00 am after anesthesia with diethyl ether. To measure the enzymes activity and malondialdehyde (MDA) level, the liver and kidney were removed, weighed and then rapidly washed in 0.9% cold saline and placed in ice-cold isotonic potassium chloride solution (1.15% KCl w/v) containing 0.1 mM EDTA. The livers and kidneys were then chopped separately into 4-5 volumes of 50 mM phosphate buffer (pH 7.4) and homogenized by a homogenizer fitted with a Teflon pestle. The | 543
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Advanced Pharmaceutical Bulletin, 2016, 6(4), 541-549 homogenate was then centrifuged at 3000 g for 10 min, the lipid layer was carefully removed, and the resulting supernatant fraction was further centrifuged at 15000 g for 60 min at 4°C. The supernatant was stored at -80°C until use. In addition, a small piece of the liver, kidney, heart, brain and eye tissue samples were also dissected out and kept in 10% formalin for histological analysis. Then, formalin-fixed tissues were placed into tissue cassettes and processed by tissue-processor (Leica, Jung histokinette 2000, Germany). Six µm sections of the paraffin blocks were prepared and stained with hematoxylin and eosin (H & E). Slides examined by a pathologist under a light microscope (Olympus, CH36 RF200, Japan) and the photographs were taken with a microscope digital camera DP21 (Olympus, U-TVO.5XC-2, Japan). For quantitative assessment of kidney tissue changes including changes in the urinary tubes (epithelium thickness) and diameter changes of renal glomerulus, 20 glomerulus and cross-section of 5 urinary tubes were randomly selected and counted. Analysis of variance (ANOVA) and post hoc Tukey's tests were used to analyze data.
Biochemical parameters measurement
The biochemical parameters and antioxidant status of the experimental animals were evaluated at the one week and 4 weeks of the treatment with JRSME. The serum levels of creatinine (Cr), alanine transaminase (ALT), aspartate transaminase (AST) and urea were determined by a test kit provided by the Pars Azmoon Company (Tehran, Iran) using an autoanalyzer (Alcyon, 300, USA).
Measurement of malondialdehyde
The serum, liver and renal levels of MDA were determined using thiobarbituric acid method as described previously. 
Paraoxonase-1 activity determination
Arylesterase activity of paraoxonase 1 (PON-1) toward the substrate phenyl acetate was measured using a UV/Vis spectrophotometer (Shimadzu, UV-2550, Japan) as described before.
23
Aldehyde oxidase and xanthine dehydroganase activities determination Aldehyde oxidase (AO) activity in the liver homogenate was determined by following the oxidation of phenanthridine to phenanthridinone as described elsewhere. 24 Due to low activity, kidney AO activity was measured using a sensitive RP-HPLC-fluorescence method (Waters 474,USA). 25 Acetonitrile and methanol HPLC (high-performance liquid chromatography) grade were purchased from Merck (Whitehouse Station, NJ, Germany). Phenanthridine, phenanthridinone were obtained from Sigma-Aldrich (St. Louis, MO, USA). Xanthine dehydrogenase (XDH) activity in the liver and kidney homogenate was determined spectrophotometrically using xanthine as substrate as described elsewhere. 26 Xanthine and nicotinamide adenine dinucleotides (NAD + ) were respectively purchased from Acros Organics (New Jersey, USA) and Sigma-Aldrich (St. Louis, MO, USA). All other chemicals and reagents used were of analytical grade.
Statistical analysis
The results are expressed as mean±SEM. The statistical analysis was performed using independent Student's ttest (SPSS, version 13). In histopathlogical studies of kidney tissue, differences between the control and the treated groups were assessed by one-way ANOVA followed by post hoc Tukey's tests. P-values less than 0.05 were considered significant.
Results
Acute toxicity of extract
The LD 50 values were calculated using the geometric mean or the doses for which 0.3 and 3.3 deaths could be found. LD 50 >5000 mg/kg bw is regarded as non-toxic according to Lorke protocol. During the phase of the evaluation, there was no mortality or any signs of behavioral changes or toxicity following oral administration of 10, 100 or 1000 mg/kg bw of the extract; hence during the second phase, the evaluated doses were selected as 1600, 2900 and 5000 mg/kg bw. Again, no death was recorded among the animals throughout the two weeks experimental period. Therefore, the LD 50 in rats for the extract of walnut septum was estimated to be >5000 mg/kg bw. In addition, the animals did not show important changes on behavior (i.e. ataxia, hyperactivity or, hypoactivity) and macroscopic morphology of heart, liver, kidney and lungs during the experimental period compared to the negative control group.
Oxidative stress parameters and enzymes
No significant difference was found in the blood SOD, GPx and the serum PON-1 activities between the control group and the animals treated with JRSME for four weeks (Table 1 ). There was also no significant difference in these enzymes activities in either the control or the treated animals after one and four weeks. However, in experimental group, the serum activity of AST and ALT in the fourth week was found to be significantly (p<0.05 and p<0.01, respectively) higher than the activity observed in the first week (Table 1 ). In the control group, only serum ALT activity was changed significantly during four weeks (p<0.05). There was a reduction in both urea and Cr blood levels after four weeks treatment with JRSME extract, although it was only significant for the urea level (p< 0.01). However, the treatment caused a marked elevation in the serum MDA level (p<0.01). There was a slight increase in liver and kidney tissues MDA level in normal group compared with the control group after 4 weeks of the JRSME intake (Table 2) . Renal level of AO in the treated rats significantly increased (p<0.05) while kidney XDH activity decreased significantly compared to the control group (p<0.001) ( Table 2 ). In addition, no significant changes were found in the kidney antioxidant enzymes activities, whereas treatment with Juglans regia septum extract did not cause any significant increase in the liver AO, XDH and antioxidant enzymes activities. 
Histopathology of liver, kidney, heart, brain and eye tissues
The effects of JRSME on liver, kidney, heart, brain and eye tissues were also evaluated by histopathologic examinations. The H & E staining of liver specimens are shown in Figure 1A . Livers in the control group had normal lobular architecture with central vein and radiating hepatic but there were some small size areas observed with dispersed inflammation by reaching mononuclear cells mainly lymphocytes and macrophages (mononuclear hepatitis); however, no fatty change and focal necroses were observed ( Figure  1A-a) . On the other hand, in the treated rats mild degrees of reactive changes along with hypertrophied and proliferated Kupffer cells and inhabitation of neutrophils in disse space were observed, but no fatty change occurred ( Figure 1A-b) . Furthermore, mild granular degeneration was seen. Lots of small areas with mononuclear hepatitis and congestion in the liver were also observed. Overall, treatment with the extract did not lead to severe pathological effects. Histopathological examination of kidney tissue in control rats showed that they were mainly normal but some dispersed and small areas of glomerulonephritis and interstitial nephritis were observed ( Figure 1B-c) . In kidney tissue of the treated rats, there were congestion, mild degenerative changes such as fatty changes in urine tubes; in some areas, damage to the kidney cortex was observed along with interstitial nephritis (Figure 1B-d) . In treated group the mean diameter of glomerulus and proximal urine tube epithelium stature was slightly greater than the control group which indicates that the effects of the extract on kidney tissue of treated group were beneficial (Table 3) . Table 3 . Comparison of the mean glomerular diameter (µm), height of the epithelium proximal and distal tube (µm) of the Kidney rats after 4 weeks of treatment with JRSME.
Control group Treated group
Glomerular diameter (μm) 106.584 110.731
The height of the epithelium proximal tube (μm) 17.805 18.2925
The height of the epithelium distal tube (μm) 11.707 11.707
Significantly different from the control by the ANOVA followed by post hoc Tukey's test. All p>0.05. JRSME, Juglans regia septum of methanol extract.
Regarding the other microscopic examinations of heart, brain and eyes tissues in the control rats, no structural and pathological changes were observed (Figure 2 ). The treated heart muscular cells of rats had some small degenerative areas with mild lesions of slight damage and more loss of cross-striations muscular cells and more staining (hyalinization) compared with the control group (Figure 2b) . No pathological changes were observed in brain and eye tissues in the treated rats (Figure 2d and 2f) . Only in microscopic examination (Figure 2d ), mild degrees of perineuronal edema and perivascular edema was seen.
Discussion
Toxicity study is an experimental screening method used to confirm safety of medicinal plants and drugs in animal model trials. Investigation of acute toxicity is usually used as the first step in the toxicological analysis and aimed to understand the biological activity of a chemical and its mechanism of action. The information about acute systemic toxicity acquired in this test is used in hazard identification and risk management regarding with production, handling and use of chemicals. 27 In this study, Lorke's procedure was selected because it offers the advantage that adequate information is obtained using only 24 animals irrespective of the type of material tested and the administration route selected. There were no mortality or acute toxicity in rats treated with 5000 mg/kg JRSME which indicates that the oral LD 50 of JRSME is greater than 5000 mg/kg body weight. It has recently been determined in albino mice that the intraperitoneal LD 50 values of J. regia aqueous and ethanolic leaves extract were 5.5 g/kg and 3.3 g/kg, respectively, 28 whereas in this study, the oral LD 50 in rats for the alcoholic extract of walnut septum was determined to be >5000 mg/kg that could be generally considered as nontoxic. However, as Juglans regia septum could be used for the treatment of chronic diseases like diabetes mellitus, gout and cancer in traditional medicine, its safety should be evaluated through the subchronic toxicity study. Therefore, antioxidant status and also the biochemical and histopathological parameters of the animals were studied following administration of JRSME for four weeks. Almost no changes were observed in the blood SOD, GPx and serum PON-1 activities. There were also no significant alterations in the liver and kidney MDA, SOD and GPx activities. Based on these findings, it could be suggested that normal hepatorenal enzymatic antioxidant mechanisms are maintained during JRSME intake for four weeks. 29 However, a significant elevation was observed in the serum level of MDA in the treated rats (Table 1) . There was also a slight but not statistically significant increase in the liver and kidney MDA levels. It seems that these tissues encounter with an oxidative stress following treatment with JRSME. Histopathological findings were also indicative of mild pathological changes in these two tissues. On the other hand, the mean diameter of glomerulus and proximal urine tube epithelium stature in the treated animals was slightly greater than the control group which may show that the effects of the extract on kidney tissue of treated group were beneficial. Apart from mild degrees of perineuronal and perivascular edema observed in the brain tissue, there was no pathological change in the eye and brain in the treated rats. Interestingly, unlike XDH activity which decreased significantly, a marked increase was observed in kidney AO activity of the treated animals compared with the control. Both AO and XDH are molybdo-flavoproteins which have a role in oxidation of a wide range of xenobiotics and metabolism of some endogenous compounds. 24 In some conditions, XDH can be converted to its oxidative form, xanthine oxidase (XO). The reaction catalyzed by these enzymes result in production of two electrons. Unlike XDH which utilizes NAD + as the electron acceptor, AO and XO use molecular oxygen as an electron acceptor. Therefore, the oxidative reactions catalyzed by AO and XO lead to the generation of the reactive oxygen species (ROS) which are involved in many pathological processes such as inflammation, atherosclerosis, cancer, aging and also other ROSassociated diseases. 24 Researchers have found high amounts of ROS production during the oxidation of aldehydes by aldehyde oxidase. 30 It seems that AO may | 547
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play an important role in slight increase in liver and particularly renal's MDA levels and some tissue damages observed in the liver and kidney could be partly attributed to AO activity. However, the effect of JRSME administration on the observed increase in the tissue AO activity is not clear and is subject for further studies. Any increase in urea, Cr and uric acid levels is observed when there would be substantial damage to functional nephrons. 31, 32 Therefore, a significant reduction of serum urea level and a slight decrease of Cr serum concentration, as an index of glomerular filtration rate (GFR), 33 alongside an increase in glomerulus diameter may be indicative of the improvement of kidney function and structure and the lack of mechanical damage to the renal filtration mechanism due to JRSME intake. It has been shown that during destruction of liver and heart cells and also inflammatory disorders, the plasma levels of AST and ALT increase. 34, 35 ALT is considered as an appropriate and more specific parameter to characterize liver injury. 36 The serum levels of ALT and AST were not significantly changed following four weeks treatment of the animals with JRSME which may indicate that the JRSME does not cause hepatic impairment or liver damage and has no significant toxic effects on the heart tissue. 37 Liver is considered as the main organ for metabolism, and the first organ of exposing the ingested toxins. Losing the integrity of hepatic cell and homeostasis generally lead to failure of energy production and cell membrane rupture, which allow leakage of cell contents and enzymes. 38 The present study did not show any destructive effects of JRSME on the stabilization of plasma membrane so that there were no increased in serum levels of AST and ALT nor focal necrosis in the liver section of treated rats. A fatty liver is a common complication resulted from a variety of liver toxicants and represents a possible reversible injury of the hepatocytes. 39 In our study, histopathological investigations also did not show fatty changes along with vacuolation. Overall, no significant histopathological changes were observed in the heart, brain and eye tissues of the treated rats. Therefore, median septum of Juglans regia is not likely to make severe toxicological risk.
Conclusion
In summary, no mortality and significant histopathology sign were seen during acute and chronic treatment with alcoholic extract of walnut septum. Furthermore, no morphological changes regarding cell damage and some biochemical disturbances were observed. Moreover, serum biochemical indices used for evaluation of possible changes in liver and kidney tissue confirm the non-toxic effect of the extract. With regard to kidney, the slight reduction of Cr and significant decrease in the urea status and XDH activity due to long-term prescription of JRSME may indicate the effectiveness of the extract in treatment of chronic diseases such as goat, diabetes mellitus and other disorders. However, increase in kidney AO activity alongside the elevation of serum MDA levels is subject for further studies.
